ABSTRACT
Results: All four single stains showed excellent sensitivity (93%-99%) but variable specificity (56%-88%) for CRC. All four dual stains also showed excellent sensitivity (90%-96%) while much improved specificity (88%-98%) compared with single stains. SATB2 dual stain (with CK20 or villin) showed a higher specificity than CDX2 dual stain (with CK20 or villin) with a comparable sensitivity.

Conclusions: SATB2 dual stain shows the greatest potential clinical utility in identifying CRC and is superior to CDX2 dual stain. More important, SATB2 dual stain could be helpful for specimens with limited tissues or those having a nonclassic staining pattern.
Colorectal carcinoma (CRC) is one of the most common cancers worldwide and in the United States. 1 A significant proportion of patients with CRC initially present with distant metastases, frequently requiring core biopsy for diagnosis and to direct further management. In such case, immunohistochemistry (IHC) is usually performed to identify the primary site.
Cytokeratin 20 (CK20) is an intermediate filament protein expressed in gastrointestinal (GI) tract glandular epithelial cells and is routinely used as a diagnostic marker for CRC. [2] [3] [4] CK20 is a highly sensitive marker for CRC. However, its specificity is low due to its expression in several other types of adenocarcinomas. [2] [3] [4] Similar results have also been found with villin, another marker that has been used in the GI tract. Caudal-type homeobox 2 (CDX2) is a transcription factor regulating intestinal epithelial cell differentiation that is strongly expressed in up to 100% of CRCs but also expressed in gastric carcinomas (18%) and ovarian mucinous tumors (20%). [5] [6] [7] [8] [9] [10] Special AT-rich sequence binding protein 2 (SATB2) is a DNA-binding protein expressed in glandular cells lining the lower GI tract.
11 SATB2 is a highly sensitive and also specific marker for CRC, and SATB2 in combination with CK20 can identify 97% of CRCs. 12 The same study also revealed that only 3.3% of ovarian carcinomas and 5.7% of lung adenocarcinomas were positive for SATB2, while all gastric and pancreatic carcinomas were all negative for SATB2. 12 Additional study has demonstrated that SATB2 showed a high sensitivity (93%) and specificity (77%) to identify a metastasis as having a colorectal origin, and in combination with CK7 and CK20, the specificity increased to 100%. 13 Decreased SATB2 expression level has been
© American Society for Clinical Pathology
Li et al / SATB2/CK20 DuAl STAin in ColoreCTAl CArCinomA shown to associate with metastasis and poor prognosis in CRCs. 14, 15 SATB2 is also a marker of osteoblastic differentiation in benign and malignant mesenchymal tumors. 16, 17 Metastatic colorectal carcinoma biopsy specimens sometimes have limited materials for further workup; therefore, dual stains or multiplex immunostains are very efficient to use limited materials. Given the high sensitivity and specificity of SATB2 in CRC and the challenge in identifying the primary site for metastatic CRC, we were interested in its utility in a dual stain with either CK20 or villin compared with CDX2 in a dual stain with the same two markers in identifying CRC on limited materials. In this study, we explored dual stains with one of the nuclear stains SATB2 or CDX2 in combination with the cytoplasmic stain of CK20 or villin and compared their sensitivities and specificities to determine whether any combination could provide improved diagnostic utility for CRC.
Materials and Methods
Case Selection and Microarray Construction
After institutional review board approval at Ohio State University (OSU), an electronic pathology archive database search was performed to select CRCs diagnosed from 2000 to 2011 at the OSU Wexner Medical Center. In total, 222 CRCs and 375 other carcinomas (45 breast, 67 hepatocellular, 50 lung, 32 neuroendocrine including 31 from pancreas and one from small bowel, 18 ovarian mucinous tumors, 40 pancreas, 45 prostate, and 78 gastric) were identified, and the diagnosis was confirmed after reviewing pathologic slides and correlating with patients' clinical history. All cases in our cohort were from the primary site of origin.
A tumor block representative of the primary tumor was collected from each case, and tissue microarrays (TMAs) were constructed with duplicate cores of 1 mm for each tumor.
Dual Immunostains and Scoring
dual stains were performed on TMAs by pairing nuclear stains CDX2 (1:300; BioGenex, San Ramon, CA) or SATB2 (1:50; Santa Cruz, Santa Cruz, CA) with cytoplasmic stains CK20 (1:200; Dako, Carpenteria, CA) or villin (1:50; Cell Marque, Rocklin, CA). The detailed staining protocols were previously described. 18 Briefly, 4-μm sections were cut from TMA blocks. CDX2 and SATB2 were labeled as brown color and CK20 and villin were labeled as red color. A Bond Polymer Refine Detection Kit (Leica Biosystems, Buffalo Grove, IL) was used as the brown chromogen, and Bond Polymer Refine Red Detection Kit (Leica Biosystems) was used as the red chromogen. Stained slides were independently reviewed by three pathologists (J.B.R., R.R., and W.L.F.), and a consensus staining result was reached for each case. Staining results were scored as positive or negative with a positive threshold of staining of 5% or more of tumor cells. Representative images are demonstrated in ❚Image 1❚ and ❚Image 2❚.
Statistical Analysis
The sensitivity, specificity, and overall percentage correct in identifying CRCs were calculated with exact binomial 95% confidence intervals (CIs) for each stain and dual stain separately. Sensitivity and specificity were directly compared between selected stains using the McNemar test for paired comparisons; exact P values were calculated. The 95% CIs for the differences between sensitivities or specificities were calculated using methods based on the score interval as previously described. 19, 20 All analyses were performed using SAS/STAT software version 9.4 of the SAS System for Windows (SAS Institute, Cary, NC).
Results
We first evaluated the staining results in 222 CRCs and 375 other tumors for each marker individually. As shown in ❚Table 1❚, SATB2 nuclear staining was present in 95% of CRCs, followed by 38% of prostate cancers, 22% of ovarian cancers, 16% of breast cancers, 12% of lung cancers, 7% of hepatocellular carcinomas, 6% of neuroendocrine tumors, 5% of gastric cancers, and 3% of pancreatic cancers. CK20 and villin cytoplasmic staining was present in 93% and 97% of CRCs, respectively, and CDX2 nuclear staining was seen in 99% of CRCs. In our cohort, 197 CRCs were positive for all of the following three stains: CDX2, CK20, and SATB2. Two CRCs (0.9%) were CDX2 negative, and both were positive for SATB2 and CK20. Three (1.4%) CRCs were CK20 negative and STAB2 negative but CDX2 positive. Twelve (5.4%) CRCs were CDX2 positive and SATB2 positive but CK20 negative. Eight (3.6%) CRCs were SATB2 negative but CDX2 positive and CK20 positive. There was no case that was both CDX2 negative and CK20 negative in our cohort.
Next we evaluated the dual staining results. Dual stain with SATB2 and CK20 showed positivity for both markers in 90% of CRCs and in 0% to 9% of other tumors. Dual stain with SATB2 and villin showed positivity for both markers in 93% of CRCs and 0% to 7% © American Society for Clinical Pathology AJCP / Original article of other tumors. Although dual stains with CDX2 and CK20/villin showed positivity for both markers in up to 96% of CRCs, they were positive in up to 44% of other tumors ( Table 1) .
The sensitivity and specificity for each single marker and each dual stain were determined. SATB2 single stain showed a sensitivity of 95% and a specificity of 88% for CRCs, while CDX2 single stain showed a sensitivity of 99% and a specificity of 85%. CK20 single stain showed a sensitivity of 97% and a specificity of 56% for CRCs, while villin single stain showed a sensitivity of 93% and a specificity of 79%. For dual stains with both stains as positive (SATB2+/CK20+, CDX2+/CK20+, etc), dual stain with SATB2 and CK20 showed a sensitivity of 90% and a specificity of 98% for CRC, while dual stain with CDX2 and CK20 showed a slightly higher sensitivity (92%) but lower specificity (93%). Similarly, dual stain with SATB2 and villin showed a sensitivity of 93% and a specificity of 97% for CRC, while dual stain with CDX2 and villin showed slightly higher sensitivity (96%) but much lower specificity (88%) ❚Table 2❚.
Finally, we directly compared the sensitivity and specificity among different single stains or dual stains. As expected, dual stains showed higher specificity but lower sensitivity than single stains. For single stains, CDX2 showed significantly higher sensitivity than SATB2 but lower specificity, although not statistically significant. For dual stains, there were no strong differences in sensitivity and specificity between SATB2/CK20 and SATB2/villin in our cohort. However, both SATB2/CK20 and SATB2/villin had significantly higher specificities than their counterparts (CDX2/ CK20 and CDX2/villin) (SATB2/CK20 vs CDX2/CK20, P = .001; SATB2/villin vs CDX2/villin, P < .001) ❚Table 3❚.
Discussion
Many patients with CRC first present with distant metastases, which may require core biopsies to identify tumor origin and direct further clinical management. In such cases, IHC is usually performed to identify/verify the primary site. Pathologists may have very limited materials available for workup, and if multiple IHC stains are necessary, tissue depletion will limit the number of stains. Therefore, it is important to use IHC stains efficiently to determine tumor origin without doing unnecessary stains to waste tissue and increase costs. Two recent studies have demonstrated that SATB2 has a high sensitivity and specificity to determine CRC origin, especially in combination with CK20. 12, 13 Dual stains or multiplex immunostains ❚Image 1❚ Representative images of dual stains with SATB2 or CDX2 and CK20 or villin in moderately differentiated and poorly differentiated colorectal carcinomas. SATB2 and CDX2 showed brown nuclear staining, while CK20 and villin showed red cytoplasmic staining (×200). CDX2, caudal-type homeobox 2; CK20, cytokeratin 20; SATB2, special AT-rich sequence binding protein 2.
are very efficient to use limited materials. In our previous study, we demonstrated that dual stain with one of the nuclear stains SATB2 or CDX2 in combination with the cytoplasmic stain of CK20 or villin was useful in differentiating appendiceal mucinous neoplasms from ovarian mucinous neoplasms. 18 In this study, we compared their sensitivities and specificities to determine whether any combination could provide improved diagnostic utility for CRC. Consistent with the previous findings, our data showed SATB2 stained the majority of CRCs while showing very little expression in other tumors with a sensitivity of 95% and a specificity of 88% for CRCs. Furthermore, our study demonstrated that the dual stain with SATB2 and villin (sensitivity, 93%; specificity, 97%) and SATB2 and CK20 (sensitivity, 90%; specificity, 98%) had the highest sensitivities and specificities for CRCs in ❚Image 2❚ Representative images of dual stains with CDX2/SATB2 and CK20/villin in different carcinomas. A colonic adenocarcinoma showed negative CDX2 and CK20 staining with CDX2/CK20 dual stain but positive SATB2 staining with SATB2/CK20 dual stain. A lung adenocarcinoma showed positive CDX2 staining with CDX2/CK20 dual stain but negative SATB2 and CK20 staining with SATB2/CK20 dual stain. A pancreatic adenocarcinoma showed positive CDX2 staining with CDX2/villin dual stain but negative SATB2 and villin staining with SATB2/villin dual stain. A stomach adenocarcinoma showed positive CDX2 and CK20 staining with CDX2/CK20 dual stain but negative SATB2 and positive CK20 staining with SATB2/CK20 dual stain (×200). CDX2, caudal-type homeobox 2; CK20, cytokeratin 20; SATB2, special AT-rich sequence binding protein 2. our study cohort. Finally, we found that dual stain with SATB2/CK20 (or villin) (both positive) had a significantly higher specificity in identifying CRC than dual stain with CDX2/CK20 (villin) (both positive).
Our data demonstrate that SATB2 is a useful stain in those cases with a nonclassic immunoprofile (CDX2-negative or CK20-negative immunoprofile). This is very important since this immunoprofile could be seen in upper GI and pancreatobiliary tumors, which can also metastasize to the liver and be confused with metastatic colorectal cancer. The two CDX2-negative CRCs in our series were positive for SATB2. In addition, SATB2 was positive in 12 of 15 CRCs with CDX2-positive and CK20-negative staining. Taken together, these results suggest that SATB2 may be useful to identify CRCs with a nonclassic immunoprofile in a setting of metastasis.
The current study is limited by the fact that the sensitivity of the single stains was very high (>90% for all stains), making improvements in sensitivity with dual stains difficult to detect. In addition, we used TMA rather than whole sections to demonstrate the utility of these stains in core needle biopsy specimens.
In summary, the current study is one of the few showing the utility of SATB2 in identifying CRC on TMA cores, which mimic small biopsy specimens in the setting of metastatic CRC. In addition, it is the first immunohistochemical analysis with the use of dual stains combining nuclear staining (SATB2 or CDX2) with cytoplasmic staining (CK20 or villin) and directly comparing dual stains of SATB2 and CK20/villin with dual stains of CDX2 and CK20/villin in identifying CRC. Our data suggest that the dual stain with SATB2/CK20 (or villin) shows potential clinical utility in identifying CRC and has higher sensitivity/specificity compared with any single stain or dual stain with CDX2 and CK20 or villin. Dual stains could be helpful in working up specimens with limited tissues. Finally, the use of SATB2 may be useful in those cases with a nonclassic immunoprofile for colorectal adenocarcinoma to help distinguish them from other tumors. 
